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MULTI-WAVELENGTH SEMCONDUCTOR 
LASER ARRAYS AND APPLICATIONS 

THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 USC 119(e)(1) 
of U.S. Provisional Patent Application Serial No.60/365, 
996, filed Mar. 19, 2002, U.S. Provisional Patent Application 
Serial No.60/302,600, filed Jun. 29, 2001, and U.S. Provi 
sional Patent Application Serial No. 60/365,489, filed Mar. 
18, 2002. 

This application is also a continuation in part of com 
monly assigned U.S. patent application Ser. No. 09/896,189, 
now U.S. Pat. No. 6,620,642 application Ser. No. 09/897, 
160, now U.S. Pat. No. 6,724,794 application Ser. No. 
09/896,983, application Ser. No. 09/897,158 now U.S. Pat. 
No. 6,753,197 and U.S. patent application Ser. No. 09/896, 
797, all filed Jun. 29, 2001. 

FIELD OF THE INVENTION 

This invention relates to lasers and, more particularly, to 
arrays of lasers. 

BACKGROUND 

Single element tunable lasers have been created using 
micromachined devices, temperature change or electron 
injection tuning. However, all Such wavelength tuning tech 
niques are “analog tuning techniques. All of the methods 
change the optical length of the laser cavity, which affects 
the resonant wavelength in the laser. This change in laser 
cavity length is typically achieved in one of two ways. 
One way the physical length of the cavity can be changed 

is shown in FIG. 1. FIG. 1 is an example of a mechanically 
tunable vertical cavity Surface emitting laser 100 (VCSEL) 
of the prior art. With a VCSEL 100 of FIG. 1, tuning is 
performed by either using a micromachined mirror 102 fixed 
on the laser Substrate, which can be moved up and down (i.e. 
closer or farther relative to the cavity), or by using an 
external mirror Separate from the laser that can be physically 
moved, So the cavity length can be physically changed. To 
tune a laser with a micromachine however, Such as shown in 
FIG. 1, requires up to 100 Volts to move the mirror. For an 
externally tuned laser, a separate mechanical or piezoelectric 
motor must be used, thereby requiring large Voltages as well. 

The other way to change the cavity length is to change the 
perceived length of the device, for example, by changing the 
refractive index of the material, which affects the speed of 
light in the material and hence its wavelength. 

FIG. 2 is an example of a temperature tunable distributed 
feedback (DFB) 200 laser of the prior art. Temperature 
tuning is done by adding additional contacts onto the laser 
and heating the laser material 202, such as shown in FIG. 2, 
which changes its wavelength. Another way to change the 
refractive indeX is by injecting extra electrons into the 
Structure, which creates a carrier induced indeX change. 
Thermal or injection tuning, however, requires large currents 
(that are not used for lasing) to be put into the device 
Structure which Significantly impacts power usage. 

While changing the wavelength of a laser can be inten 
tionally accomplished, because changing the temperature 
changes the wavelength, Such temperature based wavelength 
changes, when unintentional, can be detrimental. Thus, in 
cases where a very accurate wavelength is required from a 
fixed wavelength laser, the laser must have Some form of 
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2 
active temperature compensation (for example by using a 
thermoelectric cooler) to adjust for wavelength drift caused 
by the temperature change. 

In other tunable lasers, cavity length (actual or perceived) 
tuning can be used to compensate for temperature drift, but 
the tuning mechanism takes Significant power. 

Moreover, the equipment required to compensate for 
temperature drift is large, bulky and expensive, in both 
material cost and power usage. 

Thus, all of these analog tuning methods lack precision 
and controllability and/or require high power. Moreover, 
lasers of the prior art can not easily Switch between variable 
wavelength applications and rigorously fixed wavelength 
OCS. 

SUMMARY OF THE INVENTION 

We have devised a way to create multi-wavelength lasers 
that are more precise than the multi-wavelength lasers 
available in the prior art. 
We have also devised a way to create multi-wavelength 

lasers that are more controllable than the multi-wavelength 
lasers available in the prior art. 
We have further devised a way to create multi-wavelength 

lasers that require less power than the multi-wavelength 
lasers in the prior art. 
We have also devised a way to create multi-wavelength 

lasers that are “digitally tuned as opposed to the analog 
tuning used with multi-wavelength lasers in the prior art. 
We have further devised a way to use a single Semicon 

ductor laser array for both variable and precision fixed 
wavelength applications. 
By applying the teachings of the invention, multi 

wavelength laser arrayS can be created that are uSeable as 
wavelength routers, as Switches, as “digitally tunable 
Sources, or as a digitally controllable stable wavelength 
SOCC. 

Moreover, by applying the teachings of the invention, no 
additional power is needed for tuning, So power (and applied 
current) can be used for sending data to the laser. The power 
requirements do not change based upon of which laser (and 
thus which wavelength) is selected or because of tempera 
ture induced wavelength drift. 
The advantages and features described herein are a few of 

the many advantages and features available from represen 
tative embodiments and are presented only to assist in 
understanding the invention. It should be understood that 
they are not to be considered limitations on the invention as 
defined by the claims, or limitations on equivalents to the 
claims. For instance, Some of these advantages are mutually 
contradictory, in that they cannot be simultaneously present 
in a Single embodiment. Similarly, Some advantages are 
applicable to one aspect of the invention, and inapplicable to 
others. Thus, this Summary of features and advantages 
should not be considered dispositive in determining equiva 
lence. Additional features and advantages of the invention 
will become apparent in the following description, from the 
drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an example of a mechanically tunable vertical 
cavity surface emitting laser (VCSEL) of the prior art; 

FIG. 2 is an example of a temperature tunable distributed 
feedback (DFB) laser of the prior art; 

FIG. 3 is an example of a multi-frequency Semiconductor 
laser array in accordance with the present invention; 
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FIGS. 4A and 4B are examples of a multi-frequency 
Semiconductor laser array in accordance with the present 
invention; 

FIG. 5 is an example implementation of the invention 
having 5 channels capable of Sending in parallel; 

FIG. 6 is an example implementation of the invention 
employing redundancy; and 

FIG. 7 is an example of a laser according to the present 
invention employed as a pumping laser. 

DETAILED DESCRIPTION 

U.S. Provisional Patent Application Serial No.60/365, 
996, filed Mar. 19, 2002, U.S. Provisional Patent Application 
Serial No.60/302,600, filed Jun. 29, 2001, U.S. Provisional 
Patent Application Serial No.60/365,489, filed Mar. 18, 
2002, U.S. patent application Ser. No. 09/896,189, filed Jun. 
29, 2002, and U.S. patent application Ser. No. 09/896,797, 
filed Jun. 29, 2002, are all incorporated herein by reference 
in their entirety. 

By integrating a large number of distinct wavelengths on 
an electronic chip, digital data applied to the chip can Select 
the particular laser on which to Send data. In this way, the 
wavelength of the outgoing beam can be digitally “tuned' 
and data Sent out on a pre-Selected output. 

In an alternative variant of a System constructed according 
to the teachings of the invention, a temperature Sensor exists 
on, or is closely associated with, the chip. Depending upon 
the temperature, data is Sent to an appropriate laser to ensure 
the data is sent on an accurate wavelength. Advantageously, 
in accordance with the invention, this can now be done 
without the need to have large, power-hungry active cooling 
elements inside the module. 

In Overview, we integrate a number of lasers integrated 
onto an integrated circuit chip Such as shown in FIG. 3 is an 
example implementation of an array 300 according to the 
invention where 100 different wavelength lasers are inte 
grated onto a common electronic chip 302. This is done, for 
example, as described in commonly assigned U.S. patent 
application Ser. No. 09/896,189, the entirety of which is 
incorporated herein by reference. The lasers are grouped and 
individually controlled or controlled, as if they were redun 
dant lasers, for example, as shown and described in com 
monly assigned U.S. patent application Ser. No. 09/896,797, 
the entirety of which is incorporated herein by reference. 

Each of the laserS is either pre-made to operate at a 
different wavelength or the lasers are post-processed or 
tuned, after integration with an integrated circuit, to create a 
chip in which each laser has individual wavelengths. 

The lasers are individually selectable and controlled, for 
example, by associating each laser with a particular data 
address or by having a data array where the State of a bit 
indicates whether that laser is on or off. FIGS. 4A and 4B are 
examples of a Semiconductor laser array according to the 
invention. An array of lasers 400 are integrated with an 
electronic chip 402 that provides the appropriate circuitry 
for Selecting and driving the laser. The individual lasers in 
the array emit at different wavelengths. So that when, at Some 
point in time, one wavelength () is called for by particular 
data the appropriate laser to provide a signal at that wave 
length (FIG. 4A). At some later point in time, when the data 
indicates a different wavelength is required, a different laser 
having the appropriate wavelength is switched in (FIG. 4B). 
Since individual lasers are used, the operation of each can be 
extremely well known. As a result, very accurate wavelength 
control becomes possible. Thus, whereas in the prior art, 
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4 
precise Voltages or currents need to be controlled to get a 
Specific wavelength. In accordance with the invention, the 
use of individual lasers and digital Selection allows simply 
picking a particular wavelength, identifying the proper laser 
and turning it on. The approach does not need to maintain or 
adjust any Specific value of Voltage or current to keep the 
device active. 

In alternative variants, the number of wavelengths can be 
less than the number of lasers where multiple, parallel data 
channels can be simultaneously used. This is shown in FIG. 
5 where there are 5 parallel channels of 20 different wave 
length lasers. In parallel data channel variants, the chip is 
partitioned into sections 502,504,506, 508, 510 so that the 
lasers within each Section have different wavelengths from 
each other but the Sections are duplicates of each other, and 
each Section is associated with at least one fiber. 

In yet other variants, redundancy can be added on a 
macro-level by creating two or more identical Sections as 
described above or groups of identical wavelength lasers, 
Such as shown in FIG. 6 and coupling them to a common 
fiber. This can be done, for example, using a technique 
described in commonly assigned U.S. Provisional Applica 
tion Serial No. 60/365,489, filed Mar. 18, 2001, entitled 
“Long-Throw, Tight Focusing Optical Coupler', the entire 
disclosure of which is incorporated herein by reference. 

Depending upon the particular implementation, a System 
implementing the present invention will be configured to 
correlate a desired wavelength with a particular laser, So that 
for example, a user can Select the wavelength of the Signal 
and the particular laser will be automatically Selected via the 
integrated circuit. Alternatively, the integrated circuit can be 
Set up So that, as parameterS Such as changes in temperature 
or changes in laser wavelength due to aging, for example, 
are automatically compensated for by Selecting different 
lasers over time, as appropriate, for the Same wavelength. 

In operation, assuming an array Such as shown in FIG. 3, 
where each laser has a unique wavelength, when data is to 
be sent via the lasers the “user” (which could be a person or 
Some device) selects the wavelength that data is to be sent 
on. The System applies data to the chip to Select the 
particular laser for that wavelength. This is accomplished, in 
Some variants, by directly addressing the particular laser by 
providing a laser address or, in other variants, by applying 
data indicating the desired wavelength and having the chip 
Select the particular laser. 
By using digital Selection and/or addressing techniques 

Switching among laserS is accomplished on a bit-by-bit 
basis. This provides a speed advantage for Some implemen 
tations over the prior art because wavelength Switching can 
be accomplished in about 100 picoSeconds verSuS using the 
prior art micromachines or temperature/injection tuning 
which takes about a fraction of a millisecond or more. Thus, 
by applying the teachings of the invention, wavelength 
tuning times can be about one million times faster than 
available in the prior art. 

Advantageously, in Some variants where the laser address 
is provided, the chip can perform a “transformation' 
whereby, even though it receives an address indicating a 
Specific laser, it turns on a different laser So as to provide the 
wavelength indicated by the address, rather than turning on 
the laser indicated by the address, for example based upon 
other available information Such as from a temperature 
Sensor or feedback from a device measuring output wave 
lengths. 

In Some variants, the integrated circuit chip either has 
built-in temperature Sensors throughout the chip that peri 
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odically or continuously monitor temperature throughout the 
chip, or one or more closely associated temperature Sensors 
(i.e. on, and/or adjacent to, the chip) that periodically or 
continuously monitor temperature. The chip (or an associ 
ated control processor that provides control for the chip) 
adjusts for the Sensed temperature and, based upon a 
conversion, determines which laser should be operated at a 
given point in time to ensure the proper wavelength for the 
data is used. Depending upon the particular implementation, 
this conversion can be formula, data table (for example, 
look-up or hash table), or other logic based arrangement. 
Advantageously, because it takes no more power to Send 
data on one laser in the array verSuS any other laser in the 
array, unlike the prior art, there is no power impact associ 
ated with keeping accurate wavelength control. 

Having described the basic principles underlying a multi 
wavelength laser array of the present invention, a number of 
different applications in which the invention can advanta 
geously be used will now be presented. 
One application where the teachings of the invention can 

be used, is where a very stable wavelength is required for 
output of data, but active temperature control of a module is 
not desired, and low power operation of the laserS is. 

Another application where the teachings of the invention 
can be used is to provide a digitally Selectable, analog 
tunable laser array. Such an arrangement is useful in Situa 
tions where you want to have both a broad tuning range and 
a fine tuning capability at once. This is accomplished by 
integrating a large number of the analog tunable lasers onto 
an integrated circuit chip using the teachings described 
herein in conjunction with those of the incorporated by 
reference appplications. In Such an implementation, it 
becomes possible to digitally Select which laser to operate, 
for example where Some are in the Visible range and others 
are in the infrared range and then analog tuning of each laser 
is performed within the range. 

Other variants accomplish the Same effect using only 
digital tuning. For example, by increasing the number of 
lasers on the chip and grouping Several lasers in one wave 
length range, grouping Several more lasers in a different 
range, etc. The lasers within each group have wavelengths 
that vary slightly from each other in wavelength and from a 
base wavelength to form a range (i.e. wavelengths of the 
lasers in the group are different from each other but all fairly 
close in wavelength to the base wavelength laser). The 
purpose is to Span Some portion of, or slightly more than, the 
range of likely wavelength drift from the base wavelength. 
From group to group however, the wavelength difference 
may be much larger. For example, in one variant having 
multiple groups of lasers, one group can provide wave 
lengths of 400 nm to 600 nm, another from 900 nm to 1000 
nm, yet another from 1260 nm to 1360 nm, still another from 
1470 nm to 1520 nm, and another from 1800 nm to 2000 nm. 
Advantageously, in the prior art, having even a few tunable 
laserS meant having one or more racks of equipment, 
whereas in accordance with the teachings of the invention, 
the same capability can be provided by a single chip. 

In Still other variants, lasers of common wavelengths in 
each group are configured So that one or more can be 
Simultaneously active and be coupled to a single fiber. Such 
a configuration is illustratively shown in FIG. 6. In this 
manner, a common data Stream is Sent to all the active lasers 
of that wavelength, thereby allowing the output power of the 
data Signal to be varied. 

Alternatively, a similar configuration Such as in FIG. 6 
also, or alternatively, can be used to provide backups for 
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6 
each wavelength by using multiple lasers of the same 
wavelength or a single wavelength having redundant indi 
vidual active regions. In other Similar variants that are 
configured as in FIG. 6, Specific lasers of common wave 
lengths in each group are configured So that all or a Sufficient 
number can be simultaneously active and coupled to a single 
fiber. In this manner, the chip can also, or alternatively be 
used as a pumping laser, Such as shown in FIG. 7 and 
described in commonly assigned U.S. Provisional Patent 
Application Serial No. 60/302,600, filed Jun. 29, 2001, the 
entirety of which is incorporated by reference. 

In Still further variants, large numbers of lasers are 
integrated, based upon different materials from different 
laser wafers, onto a common electronic chip. AS a result, a 
Single chip which has a large wavelength tuning range is 
created. Thus, while a single analog tunable laser might be 
able to tune, for example, from 1260 nm to 1360 nm, a single 
chip in accordance with the invention can be made to be 
tunable from, for example, about 400 nm to about 2000 nm. 

There may, however, be situations where the number of 
required lasers in a “digital only' Scheme becomes So large 
that the increase in cost becomes a factor. Advantageously, 
the teachings of the invention can Still be used through a 
combination (analog and digital) approach since it can be 
more cost effective in Some implementations. 
While the invention has been described in connection 

with multiple lasers connected to a common electronic chip, 
it should be understood that it is consistent with the inven 
tion in Some variants to have two or more different groups 
of lasers for a unit each be on their own chip, or Some of the 
lasers in a group on one chip while other lasers in the group 
are on a different chip. 

It should therefore be understood that the above descrip 
tion is only representative of illustrative embodiments. For 
the convenience of the reader, the above description has 
focused on a representative Sample of all possible 
embodiments, a Sample that teaches the principles of the 
invention. The description has not attempted to exhaustively 
enumerate all possible variations. That alternate embodi 
ments may not have been presented for a specific portion of 
the invention, or that further undescribed alternate embodi 
ments may be available for a portion, is not to be considered 
a disclaimer of those alternate embodiments. One of ordi 
nary skill will appreciate that many of those undescribed 
embodiments incorporate the same principles of the inven 
tion and others are equivalent. 
What is claimed is: 
1. A multi-wavelength laser array comprising: 
a group of multiple lasers, 

each of the lasers in the group being constructed to emit 
at a Specified wavelength within a range and receive 
data for transmission, the data being common to each 
of the lasers in the group, 

the Specified wavelength of one laser being different 
from the Specified wavelength of the other lasers in 
the group, 

the lasers in the group being individually Selectable SO 
that, when emission at a particular wavelength is 
called for, a laser capable of providing the particular 
wavelength will be Selected to transmit the data. 

2. A device comprising: 
multiple Semiconductor laserS Sharing a common elec 

tronic chip, each having an emission wavelength, the 
emission wavelength of any one of the multiple lasers 
being different from the others of the multiple lasers, 

the multiple lasers each sharing a common Source of data 
to be output and being individually Selectable So that 
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when the data is to be output using a particular specified 
wavelength by transmission from a laser in the device, 
a semiconductor laser from among the multiple Semi 
conductor lasers capable of accurately emitting at the 
particular specified wavelength will be selected to 
transmit the data. 

3. A digitally tunable laser device comprising: 
a set of lasers integrated with an electronic chip contain 

ing drive and control circuitry for the lasers in the Set, 
the lasers in the set being individually selectable based 1O 
upon predetermined data, 

8 
the lasers in the set being constructed to be able to receive 

transmission data in common and to emit at different 
wavelengths, and 

a correlation between the predetermined data and the 
different wavelengths so that, when a desired emission 
wavelength for the transmission data is specified by a 
data signal, the correlation will identify a Specific 
individual laser that will accurately emit the transmis 
sion data at the desired emission wavelength. 


